What Is the Best Strategy for Using Embryos and Presenting Results in Assisted Reproductive Technology? A Strategy for Valid Comparisons of Results
Presentation of results is now an important facet of assisted reproductive technology (ART), for quality control, counseling of patients, research and development, accreditation of clinics, and establishment of national and international registers (1) . Results can also have a financial impact on clinics, especially in countries such as the United Kingdom, where publication and public scrutiny of clinical results are requirements for accreditation by the Human Fertilization and Embryology Authority (HFEA), or in countries in which there is vigorous commercial competition between clinics.
An enormous number of factors influence ART results: cultural, financial, ethical, clinical, and administrative practices and clinical factors such as female age at treatment, etiology of infertility, ovarian stimulation regimes, patient history, previous treatment cycles, treatment modality, number of oocytes available for insemination, number of embryos transferred, and embryo selection (2-4). One cannot, and therefore should not, make comparisons of results unless equivalent data sets are being compared. The introduction of undue variance due to uncontrolled factors can skew the results and suggest differences that do not exist, and this in turn can lead to misinformation and unwarranted changes in clinical practice. For example, one should not compare in vitro fertilization (IVF) pregnancy rates for the United States, where it is common practice to transfer three, four, or five or more embryos, with those for other countries where only two embryos are routinely transferred, because the pregnancy rate is correlated with the number of embryos transferred (4) .
Another perception that arises from invalid comparisons is that one form of treatment is more effective than another. A good example of this is intracytoplasmic sperm injection (ICSI). The high initial pregnancy rates achieved after the widespread introduction of ICSI (5-7) prompted some practitioners to speculate that we should inject all oocytes and abandon routine IVF insemination. This was short-sighted for several reasons, not least of which was that it completely ignored the issue of congenital abnormalities and the developmental outcome of children produced by ICSI (8) at a time when ICSI was still very much an experimental technique.
At the Reproductive Medicine Unit in Adelaide, we also recorded higher pregnancy rates per transfer with ICSI than IVF (35 versus 25%, respectively) after the routine introduction of ICSI in May 1993. Hence, we decided to compare critically IVF and ICSI results to determine whether the perceived difference was real or merely an artifact due to uncontrolled factors. While the two patient groups were not identical, strict cycle selection criteria were used to minimize the impact of uncontrolled clinical factors (other than etiology) and thereby essentially analyze the effect of one variable, mode of insemination.
IVF and ICSI cycles performed at the Reproductive Medicine Units at The Queen Elizabeth Hospital and Wakefield Clinic between May 1993 and April 1996 were analyzed to control for procedural changes over time. The cycle selection criteria listed in Table I were used to control for clinical Journal of Assisted Reproduction and Genetics, Vol. 16, No. 9, 1999 factors that are known to influence ART pregnancy rates adversely.
Of the 3387 IVF and ICSI cycles performed during the 3-year study period, 398 IVF cycles and 339 ICSI cycles met the cited selection criteria and were included in the analysis. The results are summarized in Table II . Some of the data were not normally distributed, so data sets were compared using the Mann-Whitney U test and Fisher's exact test, and P <0.05 was considered significant.
There were no significant differences in the implantation rate per embryo transferred, clinical pregnancy rate, live birth rate, miscarriage rate, or biochemical pregnancy rate. This indicates that, once uncontrolled clinical factors have been excluded, there is no clinical advantage of ICSI over IVF as the mode of insemination and one should expect similar success rates and outcomes. This has also been demonstrated in a randomized, prospective controlled trial (9). This should not really come as any great surprise, because after all, ICSI is nothing more than another means of producing a fertilized oocyte. Why it should produce better clinical results has never been demonstrated.
The results also show that the use of ICSI is slightly less efficient and more wasteful of oocytes than routine IVF. There was a reduced number of oocytes inseminated by ICSI, despite higher numbers retrieved, and a reduced number of cryopreserved embryos after ICSI. Immature oocytes, destruction of oocytes during or after injection, and a slightly reduced fertilization rate all contribute to this wastage.
The best way to answer these questions, however, is to perform prospective, randomized controlled trials. This may be difficult to do, but clinics Some values are expressed as mean ± SD. Biochemical pregnancies were assumed to be one implantation, ns, not significantly different. should collaborate to perform these trials and put aside their competitive instincts. This enables a higher degree of objectivity and the results from similar trials can be combined for more powerful meta-analyses such as those undertaken by the Cochrane Collaboration (10, 11) .
At the very least we must compare apples with apples, and this can be done by eliminating uncontrolled variables so that only comparable sets of ART results are analyzed and compared. The selection criteria outlined above can be used to select a "gold standard" subset which can then be used as in this example, to compare treatment modalities, or for routine clinical and laboratory quality control. Furthermore, the outcome parameters outlined in Table II provide a range of important clinical and laboratory end points with which to evaluate treatment efficiency and outcomes. Pregnancy rates alone can be misleading and other parameters, especially implantation rate per embryo, should always be presented. An option is to include results from frozen-thawed embryos, which provides an indication of the outcome potential from one stimulated cycle of ART treatment.
